Summary Failure of chromosome pairing was observed in all the presently investigated natural populations of Erigeron karvinskianus (2nϭ36). All 4 populations were observed with a different range of univalents besides bivalents at diakinesis and metaphase I. The presence of univalents bound with various other meiotic irregularities, such as laggards and chromatin bridges, which further lead to abnormal microsporogenesis. Pollen sterility was found to be high.
Erigeron karvinskianus DC. (Asteraceae), commonly known as Latin American fleabane, is a cultivated as well as naturalized species in all hill stations of India, growing along roadsides and on walls throughout the year and distributed up to an altitude of 2800 m in the Western Himalayas.
Pairing of homologous chromosomes during meiosis may fail either due to asynapsis or desynapsis resulting in a different number of univalents. Both of these conditions are controlled by major recessive genes (Sjodin 1970 , Parker 1975 and under a quantitative genetic control (Riley and Law 1965) . Mutant genes that influence the initial pairing of chromosomes are referred to as asynaptic. Mutation in genes that influence nonpairing of homologous chromosomes, called synaptic mutants, have been detected in 126 species of higher plants (Koduru and Rao 1981) . Lack of chromosome pairing during meiosis may be either partial or complete (Reiger et al. 1991 ). Reviews of asynapsis and desynapsis have been published periodically (Baker et al. 1976, Zickler and Kleckner 1999) . This phenomenon has been reported in many species such as Oenothera (Catcheside 1939) , Cyamopsis tetragonoloba (Sahoo and Gill 1975) , Cistanche tubulosa (Batia and Uzi 1995) , Lolium perenne (Omara and Hayward 1978) and other species (Christopher 1971 , Datta and Biswas 1985 , Poddar et al. 1998 , Sengupta et al. 1999 , Saha and Datta 2002 . Besides this, some members of Asteraceae, such as Haplopappus gracilis (Jackson et al. 2002) and Crepis (Richardson 1935) show this phenomenon. Failure of chromosome pairing may be due to chromosome-specific desynapsis due to a single recessive gene or it may be generalized, affecting the whole genome. The desynaptic genes in the tomato are examples of hologenomic mutations that affects all bivalents (Jackson 1985) and chromosome-specific desynapsis that affect single bivalents is reported in species of Haplopappus, Crepis and Hypochoeris. Cohesin is a gene that is responsible for the cohesion of sister chromatids together. Cohesin genes have been reported for yeasts (Cohen-Fix 2000) and Arabidopsis (Dong and Makaroff 2001) .
To differentiate between asynapsis and desynapsis, there is a need to make clear observations at the early prophase stages. But due to the large number of chromosomes, it is quite difficult to differentiate the same in the present species.
Materials and methods
For meiotic studies, the usual acetocarmine smears of appropriate sized young capitula were made after fixing them in Carnoy's fixative. Pollen fertility was estimated by mounting mature pollen grains in glycero-acetocarmine. Voucher specimens are available in Herbarium, Department of Botany, Punjabi University; Patiala (PUN).
Results and discussion
Chromosome number and meiotic behavior have been studied in 4 natural populations of Erigeron karvinskianus from different areas of the Western Himalayas. Morphologically, all the populations are similar. However, desynaptic mutants with perceivable morphological changes have been reported by many researchers in species such as Nigella sativa (Datta and Biswas 1985, Saha 300 Cytologia 75(3) S. Bala et al. (Maity and Datta 2009 ). Presently, all 4 populations are found to exist at tetraploid level with 2nϭ36, and this chromosome number is in conformity with the previous reports from North India (Gupta and Gill 1989) , South India (Mathew and Mathew 1988) , and other parts of the world (Spooner et al. 1995 , Wanatabe et al. 1996 . Though in India only tetraploid cytotypes have been reported, from outside India many polyploid (2nϭ18, 27, 36, 54) and aneuploid cytotypes (2nϭ32, 56-60) are known. The meiosis in all the populations is found to be highly abnormal, as chromosomes failed to pair during meiosis-I and varying number of univalents are reported in different populations (Figs. 1, 2) . The percentage of pairing varies among all the populations as it may be partial or no pairing. The data on various meiotic configurations found in different populations is given in Table 1 . The populations of the same species from different areas show drastic differences in the percentage of univalents. The maximum range of univalents (2-36) has been found in the Haripurdhar population and the minimum in the Kasauli population. The Nauradhar and Rajgarh populations show a moderate range of univalents. Besides the presence of univalents, some quadrivalents (0-3) were also observed in the Kasauli population only (Fig. 3) .
Due to the presence of univalents, the further segregation of chromosomes at anaphases/ telophases was abnormal leading to the formation of laggards (2-16) and chromatin bridges (Figs. 4, 5) . Data pertaining to laggards and bridges in the different populations of the species is given in Table 2 . The maximum percentage of laggards and chromatin bridges was found in the Haripurdhar population and the minimum in the Kasauli population. A moderate percentage was observed in the Nauradhar and Rajgarh populations. This data of meiotic abnormalities is in correlation with the observations made at diakinesis/metaphase level. At metaphase I univalents scattered more towards the poles (Fig. 6) . Unequal segregation of chromosomes with varied number of laggards was observed in the Haripurdhar and Nauradhar populations. The presence of univalents at early diakinesis along with other meiotic abnormalities has been reported earlier by many researchers (Iwanga 1983 , Maity and Datta 2009 , Rao and Koduru 1978 . Cytomixis was evident in the Rajgarh and Kasauli populations at prophase I and metaphase I resulting in the formation of aneuploid (hypo and hyperploidy) PMCs (2nϭ28, 30, 32, 40, 44) (Fig.  7 , Table 1 ). The transfer of chromatin material was found to be through direct contact of PMCs by broad cytoplasmic channels. Consequently, the microsporogenesis is also highly abnormal in all populations, with the formation of monads, dyads, triads, tetrads, and polyads with or without micronuclei (1-6) (Figs. 8, 9) , the frequency of which shows some variation in the different populations (Table 3) .
The maximum percentage of tetrads was found in the Nauradhar population followed by Kasauli and Haripurdhar, and the minimum in the Rajgarh population. This observation was not found to have any direct relation with observations made at earlier phases of meiosis. This behavior might be due to abnormalities in the spindle. Pollen size in different populations also varies with 3 ranges in the Haripurdhar population (16.12-30.00) mm (Table 1) . Earlier researchers have reported normal pairing and the subsequent normal course of meiosis in different populations from India. The present study shows the species to be a synaptic mutant. As for pollen fertility it is found to be very low (45-72%) and is in accordance with the previous observations of asynaptic mutant in Soyabean (Bione et al. 2002) and Cluster Bean (Sahoo and Gill 1975) . In contrast to this, a very high percentage of pollen fertility was estimated in desynaptic mutants in Corchorus fascicularis (Maity and Datta 2009 ).
